Species interactions, environmental conditions, and stochastic processes work in concert to bring 20 about changes in community structure. However, the relative importance of specific factors and 21 how their combined influence affects community composition remain largely unclear. We 22 conducted a multi-factorial experiment to 1) disentangle the direct and interaction-mediated 23 effects of environmental conditions and 2) augment our understanding of how environmental 24 context modulates species interactions. We focus on a planktonic system where interactions with 25 phytoplankton effect changes in the composition of bacterial communities, and light and 26 temperature conditions can influence bacteria directly as well as through their interactions with 27 phytoplankton. Epilimnetic bacteria from two humic lakes were combined with phytoplankton 28 assemblages from each lake ("home" or "away") or a no-phytoplankton control and incubated 29 for 5 days under all combinations of light (surface, ~25% surface irradiance) and temperature (5 30 levels from 10°C to 25°C). Observed light effects were primarily direct while phytoplankton and 31 temperature effects on bacterial community composition were highly interdependent. The 32 influence of temperature on aquatic bacteria was consistently mediated by phytoplankton and 33 most pronounced for bacteria incubated with "away" phytoplankton treatments, likely due to the 34 availability of novel phytoplankton-derived resources. The effects of phytoplankton on bacterial 35 community composition were generally increased at higher temperatures. Incorporating 36 mechanisms underlying the observed interdependent effects of species interactions and 37 environmental conditions into modeling frameworks may improve our ability to forecast 38 ecological responses to environmental change.
Introduction
. Global mean lake surface Experimental design 134 We conducted a multi-factorial microcosm experiment to determine the direct and 135 interactive effects of phytoplankton presence and composition, temperature, and light on 136 bacterial community composition. On 6 July 2011, microorganisms were collected from SSB and 137 TB integrated epilimnion samples (0-1m). Filtration through a 1µm Polycap AS cartridge filter 138 (Whatman, Piscataway, NJ, USA) was used to separate bacteria from larger organisms. 139 Phytoplankton assemblages were collected by filtering lake water through a 100µm nylon mesh 140 (Spectrum Laboratories, Rancho Dominguez, CA, USA) to remove zooplankton and collecting, 141 then rinsing phytoplankton cells captured on a 20µm nylon mesh with SSB water filter-sterilized 142 through a 0.2µm Polycap AS cartridge filter (Spectrum Laboratories), which allowed smaller 143 organisms such as heterotrophic nanoflagellates and bacteria to pass through. Phytoplankton 144 collected on 20µm mesh were resuspended in 0.2µm filter-sterilized water from SSB, 145 concentrating phytoplankton from 40L of lake water to 2.5L of sterilized water. All 146 combinations of bacteria from each lake (5L of 1µm filtered water) were combined with 0.25L 147 of concentrated phytoplankton from one of the two lakes lake or a no-phytoplankton control 148 (0.25L of 0.2µm filter-sterilized SSB water) in triplicate 10L LDPE cubitainers 149 Rockwood, TN, USA). Combined bacteria and phytoplankton were gently inverted to mix and 150 then partitioned into 500ml clear glass bottles (Wheaton, Millville, NJ, USA) in a predetermined, 151 randomized order (33 bottles/ treatment). 152 For each bacteria-phytoplankton combination, three bottles were used to characterize the 153 initial community composition and three bottles were incubated for five days under each of five 154 temperatures and two light levels ( Fig. 1 correspond to chloroplasts were removed from the analysis. The signal strength of each peak was 177 normalized to account for run-to-run variations in signal detection by dividing the area of 178 individual peaks by the total fluorescence (area) detected in each profile.
Statistical approach
Pairwise Bray-Curtis similarities were calculated for every combination of samples using The effects of light and temperature on bacteria incubated with phytoplankton depended 203 on the specific combination of phytoplankton and bacteria ( Fig. 3 ). When TB bacteria were 204 incubated with their "home" phytoplankton, there was a significant interaction between light and 205 temperature. Light explained small but significant variation in bacterial community composition 206 when SSB bacteria were combined with their "home" phytoplankton. Significant light effects 207 were not detected when bacteria were combined with phytoplankton from the "away" lake. In 208 contrast, temperature had a consistently significant effect on the composition of bacterial 209 communities when phytoplankton were present. Notably, the variation in bacterial community 210 composition explained by temperature was higher for bacteria incubated with phytoplankton 211 from the "away" lake than for bacteria incubated with phytoplankton from their "home" lake.
212
Context-dependence of phytoplankton interactions 213 We used percent variation in bacterial community composition explained by 214 phytoplankton treatment to evaluate the strength of phytoplankton effects (Fig. 4 ). Prior to 215 incubation, 22% of the variation in bacterial community composition in SSB phytoplankton and 216 corresponding control treatments was explained by phytoplankton treatment. Following 217 incubation, variation explained by SSB phytoplankton was only greater than the initial explained 218 variation in microcosms incubated at the highest temperature (45% variation explained). In 219 contrast, variation in bacterial community composition in TB phytoplankton and corresponding 220 control treatments due to phytoplankton treatment was not significant prior to incubation 221 (p>0.05). At the coldest two temperatures, 13% and 19% more variation in bacteria community 222 composition was explained by TB phytoplankton in low light compared to high light treatments.
Discussion

226
It is well established that species interactions and environmental conditions act in concert 227 to affect community composition, but how these factors combine to determine community 228 composition is largely undefined. In this study we selected light, temperature, and 229 phytoplankton-bacterial interactions to investigate the interplay among biotic and environmental 230 factors at the community level. In general, observed treatment effects were highly similar across 231 replicates, suggesting that deterministic processes controlled the development of bacterial differences in the chemistry of the lake water added along with the bacterial treatment or the 262 distribution of bacterial traits (e.g., ability to use light energy or breakdown available dissolved 263 organic matter) may explain observed lake-specific differences in temperature response.
264
Concentrations of dissolved organic carbon, total phosphorus, and total nitrogen tend to be 265 higher in TB compared to SSB (Paver et al. 2013) . Temperature effects were consistently 266 significant in treatments with added phytoplankton, and enhanced in "away" phytoplankton 267 treatments, potentially due to production of organic matter novel to the bacterial community TB were incubated with "home" phytoplankton, there was a significant interaction between light 306 and temperature (Fig. 3) . In contrast to high light assemblages that became increasingly different 307 from their initial composition along a somewhat linear trajectory in ordination space as 308 temperature increased, low light assemblages exhibited a curved response (Fig. 2) . Bacterial microcosms (average ± standard error) with SSB bacteria (a,c,e; stress value=0.08) and TB bacteria (b,d,f; 556 stress value=0.14) before and after incubation. To simplify depiction of overlapping treatments, 557 community composition in no-phytoplankton control microcosms following incubation is shown in plots 558 a and b, community composition in "home" phytoplankton treatments is shown in plots c and d, and 559 community composition in "away" phytoplankton treatments is shown in plots e and f. Community 560 composition before incubation (Time 0) is included in all plots for reference. 561 
